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Transportation  Test  of  Heaters  in  Hefrigerator  Cars  with  Bananas. 
New  Orleans  to  Winnipeg  -  January  195^ 


Bananas  require  a  very  close  control  of  temperature  to  prevent  ripening  dur- 
ing periods  of  shipment  from  coastal  ports  to  points  of  distribution  and  consump- 
tion.    The  desired  temperature  range  of  5^**  to  5^"        makes  it  mandatory  that 
very  close  controls  be  maintained  on  both  the  refrigeration  and  heating  applied 
in  transit.    Accurate  control  of  the  heat  applied  is  highly  important  during 
extremely  low  outside  temperatures  commonly  encountered  in  the  winter  movement 
from  New  Orleans  to  Canadian  destinations.     It  was  for  this  reason  that  the 
Department  conducted  a  test  on  the  underslung  type  of  charcoal  heater  during  the 
winter  of  19^9-50  which  was  reported  in  H„T.&S.  Office  Report  No.  226.  Factors 
in  the  control  of  temperatures  during  cold  weather  of  concern  to  the  Fruit  Dis- 
patch Company  and  the  railroads  are  leaving  car  drains  open  when  portable  char- 
coal heaters  are  used  in  end  bunker  cars  and  the  value  of  automatic  or  self-seal- 
ing drains  as  installed  on  certain  types  of  cars.     A  test  was  planned  and  conducted 
by  the  Department  to  determine  the  effect  of  open  drains  and  self- sealing  type 
drains  on  heater  operation  and  fruit  temperatures  near  the  drains.     In  addition, 
information  was  desired  on  the  performance  of  thermostatically  controlled  alcohol 
heaters  in  both  non-fan  and  fan  cars  and  further  performance  data  on  the  underslung 
heater. 

EXPERIMENTAL  EQUIPmT  MID  PROCEDURE 

Of  the  nine  cars  used  in  the  test,  seven  were  Illinois  Central  cars  of  the 
50,000  series,  one  an  NRC  18,000  series  with  external  trap  drains,  and  the  ninth 
was  an  aluminium  fan  car  (IC  51,000)  with  self-sealing  drains.     Three  of  the 
seven  Illinois  Central  cars  were  non-fan,  and  h  were  fan  cars  with  one  of  the 
latter  equipped  with  an  underslung  heater.     The  cars  used,  types  of  heaters, 
types  of  drains  and  whether  open  or  closed  are  indicated  below: 


Car  No. 

Type 

Car 

Heater 

Drains 

Treatment 

A-IC  501 87 

Non- 

•fan 

Charcoal 

conventional 

open 

B-IC  50071 

11 

H 

II 

plugged 

C-IC  50189 

fan 

n 

N 

open 

D-IC  5OIIU 

II 

R 

n 

plugged 

E-IC  50163 

non- 

■fan 

Alcohol 

It 

open 

F-IC  50190 

fan 

a 

u 

open 

G-IC  51000 

n 

N 

self- sealing 

closed 

H-NRC  18U6U 

non- 

■fani/ 

n 

external  trap 

open 

j-ic  50U26 

fan 

Underslung 

conventional 

plugged 

1/  Fan  car  but 

operated  with  fans 

off. 
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Test  Cars 

The  50,000  series  cars  (cars  A  to  F)  were  in  good  condition  and  contained 
3"  to  3  1/2"  of  insulation.    All  had  been  rebuilt  within  the  past  few  years, 
Floor  racks  were  diagonal  and  in  the  non-fan  cars  were  6"  in  height  and  in  the 
fan  cars  7  1/2".    As  no  non-fan  car  of  the  NRC  18„000  series  was  available  it 
was  necessary  to  use  a  fan  car  with  the  fans  off.     This  car  (car  H)  contained 
h-h  1/2"  of  insulation  with  7  1/2"  floor  racks  with  wood  slats  and  metal 
stringers.     The  IC  51,000  (car  G)  was  constructed  mainly  of  aluminium  and 
contained  4  to  U  1/2"  of  insulation.     The  floor  racks  were  of  metal  construc- 
tion, 7  1/2"  high.     The  car  contained  side  wall  flues  and  was  equipped  with 
the  Duryea  sliding  underframe.     The  conventional  drain  consisted  of  a  trap  on 
the  floor  of  the  drain  pan  in  the  bottom  of  the  bunker,  a  vertical  drain  pipe 
with  an  inclined  trough  at  the  bottom  to  carry  the  water  to  the  side  of  the 
car.    The  self-sealing  drain  on  the  IC  51,000  car  consisted  of  a  hinged  cap 
on  the  bottom  of  the  vertical  drain  pipe,  counter  weighted  to  close  the  end  of 
the  pipe.     In  the  NEC  car  the  bottom  end  of  the  vertical  drain  pipe  was  covered 
by  a  bowl  attached  to  the  drip  trough  to  form  a  water  seal  against  loss  of  cold 
air  when  under  refrigeration,  and  it  prevented  direct  access  of  cold  outside 
air  to  the  drain  pipe  during  cold  weather  thus  giving  a  certain  amount  of  pro- 
tection although  permitting  sohb  air  into  the  bunker  at  all  times.     For  cleaning 
purposes,   this  bowl  and  trough  were  hinged  to  swing  out  of  the  way. 

Heaters 

All  of  the  portable  charcoal  heaters  were  of  the  standard  one  piece 
type  with  3O  lbs,  capacity  except  one  in  car  A  v/hich  was  a  regular  two  piece 
banana  type  heater  of  20  lbs.   capacity.     They  were  installed  and  fueled  at 
St.  Paul,  Minnesota  at  the  start  of  the  heating  period.     The  alcohol  heaters 
were  Preco  thermostatically  controlled  heaters  which  were  installed  at  New 
Orleans,  Louisi6m.a,     A  full  description  of  this  type  heater  may  be  found  in 
a  report  of  previous  tests,     1/    The  Luminator-Mitchell  underslung  heater  was 
manually  controlled  and  of  the  same  type  described  in  H,T„&S.  Report  No,  226. 

Commodity  and  Air  Teoperatares 

Six  fruit  and  six  air  temperatures  v/ere  obtained  in  each  car  by  means 
of  distant  reading  electrical  resistance  thermometers.     The  positions  in 
which  the  thermometers  were  placed  and  their  designations  are  as  follows; 

Position  Designation 

Fruit  ~  Bottom  bunker  center  line,  head  and  rear  BBCL-H,  BBCL-S 

Top  bunker  centerline,  head  and  rear  TBCL-H,  TBCL-R 

Bottom  doorway  centerline  BDCL 

Top  doorway  centerline  TDCL 


1/  Car  Heaters  and  Winter  Protection  of  Fruit  Shipments  -  Summary  of  Trans- 
portation Tests  with  Apples  from  Washington  State,  Dec.  I9U7,  Jan.  &  Feb, 
I9U8. 


-  3  - 

Air    -    Under  ice  grates,  head  and  rear  bunkers  Air  "bunker  H,  Air 

"bunker  E 

Bottom  bunker  centerline,  head  and  rear  Air  BBCL-H,  Air  BBCL-E 

Top  doorway  centerline  Air  TDCL 

Bottom  doorway  centerline  Air  BDCL 

Bottom  fruit  temperatures  were  obtained  by  inserting  a  resistance  thermometer 
into  a  banana  in  the  bottom  hand  of  the  bunch  nearest  the  desired  position, 
about  10"  to  12"  above  the  floor  rack.    In  one-layer  loads  (commonly  referred 
to  as  one-tier  loads)  the  top  position  was  in  a  top  banana  of  the  topmost  hand 
and  from  3^  above  the  floor  rack.     In  one  and  one-half- layer  loads  the 

top  position  was  in  a  "banana  on  the  top  side  of  the  horizontal  bunch  nearest 
the  desired  position  in  the  car.    The  bunker  air  temperatures  were  taken  under 
the  ice  grates  at  the  centerline  of  the  car  near  the  bulkhead  (separating 
bunker  from  loading  space)  and  approximately  3"  above  the  drip  pan.     The  BBCL 
air  positions  were  in  the  loading  space  at  the  centerline  of  the  car  1"  from 
the  bulkhead  and  3"  a^ove  the  floor  rack.     Top  and  bottom  doorway  air  positions 
were  adjacent  to  the  positions  normally  used  by  Liquidometer  thermometer  bulbs 
£LLthough  none  of  the  test  cars  were  so  equipped.    Upon  arrival  at  Chicago  the 
cars  were  reversed  due  to  being  moved  through  the  wye  at  Congress  street. 
This  required  a  reversal  in  ventilation  and  is  noted  in  the  tables  containing 
the  transit  temperatures. 

Fruit  (pulp)  temperatures  were  taken  by  Fruit  Dispatch  Company  personnel 
at  all  regular  inspection  stations,  using  hand  thermometers  in  bananas  near 
the  bottom  and  top  of  bunches  at  the  doorway  in  accordance  with  regular  in- 
spection practice,    "Ventilators  were  manipulated  and  heaters  operated  on  the 
basis  of  fruit  temperatures  indicated  by  these  inspections  which  are  presented 
in  Table  1. 

In  order  to  determine  whether  there  was  any  effect  on  the  conrposition  of  the 
air  inside  the  car  by  either  plugging  the  drains  or  leaving  them  open,  pro- 
vision was  made  to  obtain  samples  of  the  air  at  the  doorway  centerline  position 
at  the  floor.     Rubber  tubing  was  used  inside  the  car  and  copper  tubing  was  used 
to  extend  outside  the  car  between  the  two  halves  of  the  door.     Samples  were 
thus  drawn  from  the  car  into  sample  tubes  by  means  of  an  aspirator  without  open- 
ing the  car.    A  portable  Hays  gas  analyzer  was  set  up  in  the  business  car  and 
samples  were  analyzed  en  route  for  percentage  of  oxygen  and  carbon  dioxide,  and 
also  carboA  monoxide  after  the  heaters  were  lit.     Tabes  were  also  placed  to 
obtain  air  sajnples  from  the  level  of  the  ice  grates  in  the  rear  bunkers  of  cars 
F  and  G. 

Test  Procedure 

fiesistance  thermometers  were  placed  in  position  in  the  fruit  during  the 
loading.     Readings  averaging  2  to  3  P^r  day  were  made  at  all  terminal  stops. 
Doorway  commodity  temperatures  were  taken  and  the  fruit  inspected  at  the  reg- 
ular banana  inspection  stations  at  Jackson,  Mississippi;,  Memphis,  Tennessee; 
Fulton,  Kentucky;  Bluford,  Illinois;  Chicago,  Illinoisj  E.  Dubuque,  IllinoiS| 


St.  Paul,  Minnesota^ Grand  Forks,  I^.Do  and  Winnipeg,  Man.     Supplementary  inspections 
were  made  "by  the  test  party  at  Hawthorne,   111.,  Pargo^  N„D.  and  iloyes,  Minn.  A 
final  inspection  and  temperature  reading  was  made  just  prior  to  unloading  at 
Winnipeg,  Man.  and  final  inspection  of  heaters  was  made  after  iinloading. 

Ventilators  remained  closed  enroute  to  Memphis,  Tenn.  when  all  rear  vents 
were  opened  on  the  irons  or  approximately  2".    At  Fulton,  Kentucky  all  rear  vents 
were  opened  full  or  10" »    Due  to  the  reversal  of  the  cars  at  Chicago  all  vents 
that  had  "been  in  the  rear  to  this  point  were  closed.    Rear  vents  (formerly  head 
end)  were  closed  but  plugs  were  attached  (1/2"  opening)  in  cars  C,  D^,        G,  and 
J  from  Chicago     to  St.  Paul  when  all  were  closed  tight  after  the  heaters  were 
lit. 

The  alcohol  heaters  were  f unished  "by  The  Burlington  Refrigerator  Express 
Coo  and  were  shipped  to  New  Orleans  and  fueled  and  installed  after  loading. 
The  portable  charcoal  heaters  were  installed  at  St.  Paul  and  were  fueled  and 
lit  at  that  point.     The  alcohol  heaters  and  the  undersiung  charcoal  heater  v;ere 
lit  also  at  St.  Paul  when  the  weather  forecast  indicated  sub-zero  weather  during 
the  next  twelve  hours.     Thermostats  on  the  alcohol  heaters  were  set  at  57  1/2" 
but  were  reset  to  oO°  at  Grand  Porks,  N.D.  in  order  to  raise  fruit  temperatures 
somewhat  before  unloading.     Charcoal  heaters  were  removed  en  route  if  fruit 
temperatures  rose  too  high.    The  draft  on  the  underslung  heater  was  set  at 
position  k  at  St.  Paul  and  was  not  changed  thereafter. 

Loading  and  Routing  and  Unloading 

•The  test  cars  were  loaded  on  January  IJ  at  New  Orleans  between  and 
11^55  A.M.     The  bananas  were  of  the  Guatemala  variety  in  excellent  green  con- 
dition and  were  unloaded  from  the  steamship  Chiriqui.     Two  sizes  of  bananas 
were  loaded,  four  cars  with  light  nines  and  five  cars  with  heavier  medium 
nines.    Average  stem  weight  varied  from  JOoS  lbs.  to  SS.U  lbs.     The  light 
nines  were  loaded  in  1  1/2  layers  while  the  medium  nines  were  in  one  layer. 
Net  weight  of  the  loads  were  nearly  the  same  in  all  cars  varying  from  20,830  lbs. 
to  21,525  lbs.     Stems  in  the  bottom  layer  or  in  single-tier  loads  were  placed 
upright  on  the  stalks  in  alternate  rows  across  the  car.     The  top  layer  in  1  1/2 
layer  loads  was  placed  horizontally  in  a  T  shape  at  each  end  of  the  car.  In 
other  words,  2  stems  were  laid  crosswise  of  the  car  over  3  or  U  end  stacks  at 
each  end  of  the  car,  then  one  stem  at  the  center  line  over  the  next  3  or  U 
stacks.    This  type  of  loading  is  called  "one  and  one  half"  and  the  number  of 
rows  or  stems  in  the  top  layer  in  each  end  is  designated  8x8  flat  or  7^7  flat 
depending  on  the  number  so  placed.     Two  "key"  bunches  were  placed  crosswise  of 
all  loads  at  the  doorway  for  the  purpose  of  wedging  the  load  solidly  endwise  of 
the  caro    These  worked  down  towards  the  floor  rack  as  slack  developed  in  the 
load  in  transit.     Complete  loading  data  is  contained  in  Table  2, 

The  test  cars  were  assembled  at  the  Sty  Dock  yards  (New  Orleans)  of  the 
Illinois  Central  Railroad  and  the  first  temperature  reading  was  taken  at 
k  P.M.  on  the  day  of  loading.     Departure  from  New  Orleans  was  at  6:50  P.M„ 
with  routing  via  IC,  C  B  &  Q,,  G.N.  and  Midland  Railroads.     Total  elapsed  time 
from  New  Orleans  to  St.  James  yard,  Winnipeg  was  112  hrs.  30  minutes  of  which 
it  is  estimated  that  62  hrs.  25  minutes  (55*5/^)  was  running  time.     This  is  a 
better  record  of  running  than  was  made  in  the  previous  test  in  spite  of  an 
11  hour  delay  in  Grand  Forks  to  repair  a  broken  coupler  on  the  business  car. 
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As  previously  noted  all  the  cars  were  reversed  in  Chicago  when  the  train  was 
"wyed"  at  Congress  Street.    Arrival  tiine  at  St-  James  yard  was  alDout  noon  and 
the  cars  were  switched  for  spotting  during  the  afternoon  and  evening  for  un- 
loading the  next  morning.     There  was  practically  no  fan  operation  during  this 
period. 

Unloading  iDegan  at  1  iQO  A.M.  the  day  after  arrival  and  continued  until 
k  P.M.    A  final  temperature  reading  was  made  on  all  cars  prior  to  opening  the 
doors  and  heaters  were  checked  shortly  thereafter.    Unloading  conditions  varied 
considerahly^   some  cars  having  no  protection  whatever,  the  bananas  "being  carried 
out  of  the  car  and  across  the  platform  fully  exposed  to  10'  F.  air  temperatures. 
Two  of  the  cars  had  canvas  tunnels  completely  protecting  the  fruit.     The  number 
of  ripe  and  turning  bunches  was  noted  by  test  party  members  as  unloading  pro- 
ceeded. 

Discussion  of  Results 

The  weather  was  above  normalen  route  as  far  as  Hawthorne,  Illinois.  A  high 
of  72"  F.  was  reached  on  loading  day  at  New  Orleans  and  70°  during  the  first  day 
en  route.  Minimums  of  56°  and  respectively  for  the  first  two  days  were  well 
above  normal  for  this  time  of  year.  Colder  weather  was  encountered  on  the  third 
day  at  St.  Paul  with  a  minimum  of  25"  below  zero  the  following  morning  at  Fargo, 
N.D.  Temperatures  moderated  somewhat  for  the  balance  of  the  trip  with  unloading 
temperatures  of  between  5°  10°  Winnipeg.  Figure  1  shows  the  outside  air 
temperature  for  the  entire  trip. 

Portable  Charcoal  Heaters 

The  temperature  and  heater  records  of  the  four  test  cars  with  portable 
charcoal  heaters  (A,  B,  C  &  D)  are  presented  in  Tables  3  to  6  and  12  to  I5 
respectively  with  a  graphical  presentation  in  Figures  2  to  5  inclusive.  As 
previously  noted,   the  heaters  were  installed  and  lit  at  St.  Paul  when  below 
zero  temperatures  were  forecast  for  the  next  12  hours.     By  SiOO  a.m.  the  next 
morning  or  after  I6  hours  burning,  there  was  considerable  difference  in  fruit 
temperatures  between  these  U  cars. 

In  Car  A  (non-fan)  with  the  drains  open,  exceedingly  high  top  layer  fruit 
temperatures  (Sl®)  were  found  at  this  point  at  the  ends  of  the  car  next  to  the 
bulkheads.     This  would  indicate  a  higher  burning  rate  of  the  heaters  although 
the  estimated  fuel  consumed  is  about  the  same  as  Car  B  with  drains  plugged 
(Tables  12  and  I3).     Any  other  possible  factor  causing  this  high  temperature 
is  not  known.    However,  it  is  believed  that  lighting  both  heaters  was  not 
necessary  and  that  adequate  protection  without  the  excessive  temperature  rise 
would  have  been  afforded  by  only  one  heater.    Because  of  these  high  temperatures 
in  Car  A,  both  heaters  were  removed  at  Fargo,  N.D.  and  no  further  heat  added. 
Although  top  temperatures  were  still  well  above  the  danger  point  at  Grand  Forks, 
N.D.  a  bottom  doorway  pulp  temperature  of  55°  prompted  the  plugging  of  the 
drains  at  this  point  to  prevent  any  possible  chilling  of  bottom  fruit  inasmuch 
as  the  high  top  temperature  made  further  heating  undesirable.     Car  C  (fan  car  - 
drains  open)  also  showed  a  considerable  rise  in  fruit  temperature  at  Fargo 
(Figure  U)  but  due  to  air  circulation  from  the  fans  the  temperatures  were 
much  more  uniform,  with  a  maximum  of  only  67.5         ^^i®  rear  heater  only  was 
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removed  from  Car  C  at  Fargo  and  the  front  heater  was  left  "burning  until  arrival  at 
St.  James  Yard,  Winnipeg.    Average  fruit  temperatures  in  Cars  B  and  D  rose  atout 
the  same  amount  "between  St.  Paul  and  Fargo  (Figures  3         5)    although  there  was 
a  spread  of  over  10**  in  Car  B  as  compared  to  5°        Car  D  (fan  car).     With  a 
minimum  of  56°  in  the  bottom  fruit  in  Car  B,  only  one  heater  was  removed  while 
"both  heaters  were  removed  from  Car  D  which  had  a  minimum  of  63°"    After  the 
heaters  were  removed  from  Car  D,  fruit  temperature  dropped  steadily  resulting 
in  a  "bottom  doorway  pulp  temperature  of  5^*  ^^d.  a  top  of  57°  upon  arrival  at 
Winnipeg.     As  the  entire  load  was  near  the  danger  point  one  heater  was  in- 
stalled as  a  protection  until  unloading  could  be  completed.     In  general,  tem- 
peratures rose  rapidly  after  two  heaters  were  lit  in  each  car  with  fairly  high 
maximums  and  wide  temperature  spreads  in  the  non-fan  cars.     Temperatures  dropped 
rapidly  after  removal  of  heaters. 

Alcohol  Heaters 

The  operation  of  the  alcohol  heaters  was  generally  satisfactory.    An  un- 
explained burner  failure  was  observed  v/hen  one  heater  was  found  not  burning 
at  the  pre-unloading  inspection  at  Winnipeg.     This  heater  had  been  on  pilot 
at  the  previous  inspection.     There  were  also  two  instances  of  what  appeared  to 
be  improperly  calibrated  thermostats.    As  previously  noted,   the  thermostats 
were  set  at  57  1/2°  F.  for  the  first  part  of  the  heating  period  and  then  reset 
to  60*  for  approximately  the  last  42  hours  to  raise  fruit  temperatures  for  un- 
loading. 

In  Car  E  (non-fan)  both  heaters  were  observed  on  full  burning  at  all  in- 
spections indicating  that  the  air  temperature  at  the  ice  grates  (thermostat 
level)  was  below  the  thermostat  setting.     This  is  substantiated  by  temperature 
readings  made  beneath  the  ice  grates  in  the  bunkers  and  in  the  lading  space  at 
the  bottom  bulkhead  centerline  position  (table  b) .     In  Car  F  (fan  car)  the 
heaters  were  obser\'"ed  on  pilot  a  number  01  times  (table  I7)  although  the  bottom 
bunker  and  BBCL  air  temperature  readings  (table  S)  do  not  show  temperatures 
above  the  thermostat  setting.     It  is  probable  that  fan  action  while  the  car  was 
moving  maintained  a  higher  temperature  at  the  heater  thermostat  level  than  that 
indicated  by  the  resistance  thermometers,  which  were  read  after  the  car  had 
stopped.    Because  of  the  longer  full  burning  of  the  heaters  in  Car  temper- 
atures were  considerably  above  those  in  Car  F  (figs.  6  and  7)  with  a  much 
greater  spread  between  top  and  bottom  averages.    The  fan  action  in  Car  F  re- 
duced the  amount  of  full  burning  time  as  indicated  by  the  heater  record  (see 
fig.  7)  a^d.  also  resulted  in  a  more  uniform  fruit  temperature. 

Fruit  temperatures  in  the  top  layer  of  Car  G  were  raised  only  3°  during 
the  heating  period  due  in  part  to  the  heaters  being  on  pilot  for  a  considerable 
part  of  the  time  as  observed  at  several  of  the  inspections  although  car  temper- 
atures were  well  below  the  thermostat  setting.    A  short  heating  period  is 
also  indicated  by  the  small  amount  of  fuel  consumed  (table  18).    As  both  bottom 
fruit  and  air  temperatures  were  fairly  low  in  spite  of  operation  of  fans 
(table  9)  it  must  be  assumed  that  the  thermostats  were  not  functioning  properly. 
Because  of  the  low  temperature  of  fruit  in  the  bottom  layer,  the  alcohol  heaters 
were  replaced  with  one  charcoal  heater  in  Winnipeg  to  insure  protection  prior 
to  unloading.     However,  bottom  layer  temperatures  continued  to  drop  while  the 
car  was  standing.     It  should  be  noted  that  this  car  had  self  sealing  drains 
that  permitted  a  minimum  of  cold  air  to  enter  the  bunkers  as  compared  with 
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cars  E  and  F  with  open  drains.  This  feature  coupled  with  the  fact  that  the  car 
had  U  to  U  1/2"  of  insulation  as  compared  with  3  to  3  1/2  inches  in  cars  A  to  P 
indicates  that  the  low  temperature  was  caused  "by  faulty  operation  of  the  heaters. 

Ceir  H  was  cooled  considerably  more  than  any  of  the  other  test  cars  during 
the  ventilation  period.    As  it  was  of  a  different  series  and  ownership,  the 
greater  cooling  may  have  "been  due  to  the  design  of  the  hatches  which  had  integral 
plugs  and  may  have  permitted  a  greater  volume  of  air  to  enter  the  car.    As  a 
result,  fruit  and  air  temperatures  in  the  "bottom  layers  were  the  lowest  of  any 
car  when  the  heating  period  started.    A  minimum  of  29°  F.  air  temperature  was 
recorded  in  the  rear  "bunker  at  Fargo,  N.D.     The  low  temperature  was  undou"btedly 
due  to  the  drains  "being  left  open  although  it  would  "be  expected  that  the  external 
trap  type  drain  installed  on  this  car  would  obstruct  the  flow  of  cold  air  to  the 
bunker  much  more  than  the  straight  open  pipe  of  cars  E  or  F.    Within  the  loading 
space  of  the  car  an  air  temperature  of  53**         recorded  near  the  floor-rack  at 
the  bulkhead  when  the  bunker  was  29"  F.  (table  10).    Both  heaters  were  on  full 
burning  for  practically  the  entire  heating  period  resulting  in  the  highest  fuel 
consumptior , IU.35  gals.,  of  any  of  the  alcohol  heater  cars  (table  I9) .    As  top 
layer  temperatures  had  reached  65"  at  Grand  Forks  the  car  fans  were  placed  "on" 
for  the  balance  of  the  trip  in  order  to  equalize  somewhat  top  and  bottom  fruit 
temperatures  prior  to  unloading  (fig.  9) •     During  this  period  one  heater  went 
on  pilot  briefly  due  to  warm  air  circulated  past  the  heaters  by  the  fans. 

Summarizing,  car  temperatures  rose  more  slowly  with  the  alcohol  heaters 
in  non-fan  cars  than  in  fan  cars,  and  more  uniform  temperatures  and  reduced 
heater  operation  (burning)  were  possible  because  of  better  thermostatic  con- 
trol under  forced  air  circulation.     Low  bottom  layer  temperatures  occurred  in 
one  fan  car  due  apparently  to  improperly  calibrated  thermostats. 

Under  slung  Heater 

Temperatures  in  car  J  during  the  ventilation  period  were  similar  to  those 
in  most  of  the  other  test  cars.    The  underslung  heater  was  fueled  and  lit  at 
St.  Paul  and  the  damper  was  set  at  position  h  and  was  not  changed  enroute  to 
destination.    Banana  temperatutes  were  very  uniform  and  the  car  average  did 
not  vary  more  than  two  degrees  throughout  the  heating  period  (fig.  10).  Esti- 
mated fuel  consumption  was  SO  lbs.  of  cliarcoal  briquets  (table  I7).    Fans  were 
in  the  ON  position  which  aided  in  maintaining  uniform  temperatures.     The  per- 
formance of  this  car  was  the  most  satisfactory  of  any  in  the  test. 

Drains  open  or  closed. 

One  of  the  objectives  of  this  test  was  to  determine  the  effects  of  open 
drains  on  banana  temperatures.    Resistance  thermometers  were  placed  at  the 
bottom  of  each  bunker  above  the  drip  pan  (bottom  bunker  air)  and  just  above 
the  floor  rack  at  each  bulkhead  in  the  loading  space  (BBCL  air).    Both  posi- 
tions were  at  the  centerline  of  the  car.     It  was  believed  that  these  two 
positions  would  show  the  effect  of  any  cold  air  that  might  enter  the  car 
through  the  open  drains.    A  study  of  the  air  temperature  data  for  the  char- 
coal heater  cars  (A,3,C&D)  shows  that,  while  temperatures  in  the  bottom  of 
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the  bunker  and  under  the  floor  rack  at  the  doorway  were  lower  when  the  drains 
were  open,  the  air  in  the  loading  space  above  the  floor  racks  at  the  bulkhead 
(BBCL  air)  was  not  affected  to  any  marked  degree.     The  curves  in  fig.  11  show 
the  temperatures  at  each  of  these  3  locations  for  all  four  cars  and  a  com- 
parison between  cars  for  air  temperatures  3  inches  above  the  floor  racks  at 
the  bulkhead  (BBCL)  is  shown  in  the  curves  in  Figure  12.     This  gives  a 
comparison  for  the  non-fan  cars  with  the  fan  cars;  also,  between  fan  and  non- 
fan  cars,  both  with  drains  open  and  plugged.     The  curves  show  practically  no 
difference  in  fan  or  non-fan  cars  with  drains  open  or  plugged  during  both  ven- 
tilation and  heating.    As  will  be  noted  in  fig.  12  B  and  C,  at  the  bottom  of  the 
bulkhead  air  temperatures  were  consistently  higher  in  the  fan  cars,  which  indi- 
cates that  there  was  even  less  danger  to  the  load  from  cold  air  when  fan  cars  are 
used.     It  should  be  noted  that  daring  the  preparation  of  cars  A  to  F  for  the  test, 
all  the  drain  caps  were  throm  back  leaving  the  top  of  the  drain  pipe  in  the  bunker 
exposed.     This  was  not  discovered  until  the  regular  heater  inspection  at  Grand 
Forks.     The  caps  were  all  replaced  at  this  point  except  for  one  each  that  were 
missing  in  cars  C  and  F.     While  having  the  caps  off  represents  the  extreme  con- 
dition insofar  as  movement  of  cold  air  into  the  bunker  is  concerned  it  is  be- 
lieved that  it  did  not  have  very  much  effect  on  the  heater  performance  or  car 
temperature . 

None  of  the  drains  were  plugged  in  the  alcohol  heater  cars  (E,F,G&H)  ex- 
cept that  Car  G  had  the  self-sealing  drains  and  car  H  the  external  trap.  Air 
temperatures  in  the  bunker  and  at  the  floor- racks  next  to  the  bulkhead  in  cars 
E,  F  and  G  followed  closely  the  pattern  of  the  corresponding  charcoal  heater  cars 
as  previously  discussed.     The  use  of  self- sealing  drains  in  car  G  did  not  result 
in  higher  bunker  air  temperatures.     This  may  have  been  influenced  somewhat  by  the 
greater  pilot  burning  time  of  the  heaters  in  car  G  because  of  the  ajjparently 
faulty  thermostat  calibration  previously  pointed  out.     In  car  H  (non-fan),  bottom 
air  temperatures  were  lower  than  any  other  car  at  the  start  of  the  heating  period 
because  of  greater  cooling  during  ventilation.     Bottom  bunker  air  was  29**  F.  at 
Fargo  and  because  of  a  52*  bottom  doorway  banana  temperature,   it  was  considered 
advisable  to  plug  the  drains  at  this  point  as  a  precaution  against  the  possibil- 
ity of  chilling  bottom  layer  fruit. 

Car  Fans 

Forced  air  circulation  by  car  fans  resulted  in  more  uniform  fruit  temper- 
atures both  under  ventilation  and  heat  with  lower  maximums  and  higher  minimums. 
Bottom  air  temperatures  were  considerably  higher  with  drains  open  in  fan  cars 
than  in  non-fan  cars  and  thermostatic  control  of  the  alcohol  heaters  was  more 
effective.     The  fans  did  not  appear  to  impair  the  burning  of  either  the  alcohol 
or  charcoal  heaters.     When  fan  cars  are  available  for  loading  bananas  they 
should  be  moved  with  the  fans  on  during  ventilation  or  heater  service. 

Gas  Analysis 

In  the  first  part  of  the  test  between  New  Orleans  and  Memphis  the  cars 
with  the  drains  plugged  accumulated  slightly  higher  amounts  of  carbon  dioxide 
than  the  cars  with  open  drains.     See  table  21  for  conplete  record  of  gas 
analysis.    After  the  vents  were  opened  carbon  dioxide  was  present  in  such 
small  amounts  that  it  could  hardly  be  detected  in  the  Chicago  sampling.  The 
heaters  were  lit  at  St.  Paul  and  a  build-up  to  a  maximum  amount  of  carbon 
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dioxide  for  the  trip  occvirred  in  most  of  the  cars  upon  arrival  at  Fargo.     Car  H 
continued  to  accumulate  more  carhon  dioxide  after  leaving  Fargo  "but  this  can  "be 
attri"buted  to  the  plugging  of  the  drains  at  this  point.     The  run  "between  St. 
Paul  and  Fargo  was  the  longest  period  during  which  the  cars  were  closed  thus 
allowing  the  greatest  accumulation  of  carbon  dioxide.     The  removal  of  charcoal 
heaters  from  some  of  the  cars  at  Fargo  caused  a  rapid  decrease  in  the  carhon 
dioxide  content  in  these  cars.     The  low  concentration  of  carbon  dioxide  in  car 
J  was  due  to  the  fact  that  all  products  of  fuel  combastion  from  the  underslung 
heater  did  not  enter  the  car  leaving  only  the  respiration  of  the  fruit  to  in- 
fluence the  con5)osition  of  air  in  the  car.     Throughout  most  of  the  trip  up^to 
Fargo  the  fan  cars  showed  somewhat  lower  concentrations  of  carbon  dioxide  than 
the  non-fan  cars.     The  fans  probably  prevented  the  carbon  dioxide,  which  is 
slightly  heavier  than  air,  from  accumulating  at  the  lower  level  where  the  samples 
were  taken.     These  differences  are  noted  when  car  B  is  compared  with  car  D  and 
car  E  with  car  F,     The  only  comparison  of  bunker  air  samples  with  doorway  samples 
obtained  in  car  F  which  had  fans  and  open  drains.     The  bunker  samples  in  this 
instance    had  a  lower  carbon  dioxide  and  a  higher  oxygen  content  than  the  door- 
way sarapj-as  indicating  that  some  fresh  air  was  entering  through  the  open  drains. 
The  carbon  dioxide  level  of  the  air  did  not  reach  high  enough  concentrations  in 
any  of  the  cars  to  have  any  noticeable  effect  on  ripening. 

The  oxygen  content  followed  a  close  inverse  relationship  to  carbon  dioxide 
in  most  cars.     The  low  point  in  ozygen  level  was  not  considered  sufficiently 
low  to  have  much  influence  on  either  the  bananas  or  the  heater  operation. 

The  carbon  monoxide  data  show  that  the  concentration  as  measured  by  this 
method,  reached  proportions  extremely  toxic  to  man  in  the  portable  charcoal 
heater  cars.    No  carbon  monoxide  could  be  detected  in  the  alcohol  heater  cars 
or  the  underslung  heater  car. 

No  close  relationship  was  found  between  the  composition  of  the  air  in  the 
cars  during  transit  and  the  ripeness  of  the  bananas  at  unloading  time, 

G-eneral  Discussion 

During  unloading  a  check  of  the  condition  of  the  bananas  was  made  in  each 
car  by  observing  the  number  of  ripe  and  turning  stems  (See  table  2).  As  tem- 
perature is  the  controlling  factor  in  ripening  an  attempt  was  made  to  correlate 
fruit  temperatures  in  transit  v;ith  ripeness  of  fruit  upon  unloading.     In  fig.  IJ. 
the  number  of  hours  in  transit  during  which  the  average  load  temperature  was 
above  60"  is  shown  graphically  with  the  percentage  of  ripe  and  turning  fruit  for 
each  car.     Car  C  had  the  longest  heating  period  and  greatest  number  of  hours 
above  60"  F.  and  the  highest  percentage  of  ripes  and  turnings  while  cars  G  and  J 
had  no  temperatures  over  60"  and  hence  had  the  lowest  ripening  in  transit.  Be- 
tween these  two  extremes  there  was  little  relationship  between  temperatures  and 
ripeness  in  the  test  cars.     It  should  be  noted  that  the  heating  factor  for  each 
car  was  influenced  mostly  by  the  length  of  time  the  heaters  were  burning  and 
since  this  varied  considerably  between  cars  there  does  not  appear  to  be  well 
defined  relationships  between  air  circulation,  open  or  closed  drains  or  type  of 
heater  and  rijening. 
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Summary  of  Results 

The  use  of  two  charcoal  heaters  per  car  under  the  conditions  of  the  test 
resulted  in  a  greater  heat  output  than  was  required  as  evidenced  by  high  commodity 
temperatures  after  only  18  hours  "burning,  especially  in  a  non-fan  car  with  drains 
open.     Of  the  five  cars  showing  the  highest  percentage  of  ripes  and  turnings  at 
destination,  four  were  charcoal  heaters. 

The  alcohol  heaters  v;ere  generally  satisfactory  although  there  was  evidence 
of  improper  calibration  of  thermostats  in  one  car.    Better  thermostat  control  was 
effected  by  use  of  forced  air  circulation.    Heat  output  of  two  heaters  per  car 
was  satisfactory  under  conditions  of  test. 

The  underslung  heater  in  a  fan  car  gave  best  performance  from  standpoint  of 
operation,  fruit  temperature  and  condition  at  destination. 

Leaving  drains  open  in  cars  heated  with  charcoal  heaters  did  not  result  in 
lower  fruit  or  air  temperatures  in  the  loading  space.     There  V7as  some  evidence 
that  open  drains  may  have  increased  the  burning  rate  of  heaters  somewhat.  With 
forced  air  circulation  there  was  less  danger  of  possible  low  air  temperatures  in 
the  car  from  leaving  drains  open.    Bottom  air  temperatures  in  cars  with  the  self- 
sealing  drain  or  the  external  trap  drain  were  no  better  than  in  cars  with  open 
drains. 

The  maximum  concentration  of  carbon  dioxide  (3»65S)  and  the  lowest  concentration 
of  Oxygen  {lS.y/>)  were  encountered  in  the  test  cars  for  only  a  short  time  and  had 
no  noticeable  effect  on  the  fruit. 

Forced  air  circulation  gave  better  perfonaance  for  both  types  of  heaters 
with  more  uniform  fruit  temperature,  lower  maximums  and  higher  minimums  than  in 
standard  non-fan  cars. 
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TaT3le  12 

HEATER  INSPECTION  DATA 


Test  Code  No.  i 

Car  No.  IC  50187 


Heater  Charcoal 


Fans    None    Drains  Open       Placement    1  ea.  end 


Inapecied  at 


Date  Time 


Jan. 


OST       Air  Opera- 
Temp,  tion 

BBCL 


Fuel       Fuel  Fuel 
added        in  con- 
lbs,      heater  sumed 
lbs.  lbs. 


Remarks 


H 


R  H 


R  H 


R  H 


R 


St.  Paul,  Minn. 

20 

5P 

13  53.0  5U.O  Lit  Lit 

-  30  20 

Fargo,  N.D. 

21 

9A 

-16  59.0  60.5    B  B 

10  8 

Grand  Forks,  N.D. 

21 

Up 

-10  56.0  55.0  - 

Noyes,  Minn. 

22 

6   55.0  56.0  - 

Winnipeg,  Man. 

22 

12N 

6   5U.0  55.5  - 

Fast  draft 


Drains  plugged 


Total  Fuel 


32  lbs. 


Notes  -  Large  size  Ford  Co.  briqaets  used  instead  of  nidgets 
B  -  Burning 

Heaters  -  Head  #B959R      KO-  1  piece 
Rear  #B1254l  M-UO 


J 


Table  I3 
HEATER  INSPECTION  DATA 


Test  Code  No.  B 


Car  Ho.    IC  500?! 


Heater  Charcoal 


Fans    None      Drains  Plugged    Placement    1  each  end 


Inspected  at 


Date  Time 


OST 


Air  Opera-  Fuel  Fuel  in  Fuel 
Temp.        tion         added      heater  con- 


Remarks 


BBCL 

lbs. 

lbs. 

sumed 

lbs. 

Jan. 

H  R 

H 

R  H 

R  H 

R 

H 

R 

St.  Paul,  Minn 

20 

55.0  55.0 

Lit 

Lit  - 

-  30 

30 

-    Fast  draft 

Fargo,  N.D. 

21 

9A 

-16 

59.0  58.5 

B 

B 

10 

20    Rear  heater  remove 

Grand  Forks, N.D. 

21 

UP 

-10 

61.0  56.5 

B 

20 

10 

20 

-    Refuel  front 

Noyes,  Minn. 

22 

5A 

+6 

59.5  56.0 

B 

Winnipeg,  Man. 

22 

12N 

+6 

60.5  56.0 

B 

-  15 

-    Heater  removed 

Total  Fuel  — 

35 

20 

Car 

Total  — 

55  lbs. 

Notes  -  Large  Ford  briq^uets  used 
B  -  Burning 

Heaters  -  Head    fB^kSl       KG  -  1  piece 
Rear    #WFE  O852    MO  -  1  piece 


I 


TalDle  Ik 


HEATER  INSPECTION  DATA 


Test  Code  No.      C  Heater  Charcoal 

Car  No.     IC  5OI89  Fans    On        Drains    Open         Placement  1  each  end 


Inspected  at         Date      Time      OST      Air         Opera-    i'uel         Fuel  in  Fuel 

®F        Temp.      tion       added       heater        con-  Remarks 


BBCL  lbs.  lbs.  sumed 

lbs. 


Jan. 

• 

H  R 

H 

R  H 

R  H 

R 

St.  Paul,  Minn. 

20 

5P 

57.0  57.5 

Lit 

Lit  - 

-  30 

30 

Fast  draft 

Fargo,  N.D. 

21 

9A 

-16 

63.5  Gk.o 

B 

B 

10 

20    Rear  heat  removed 

Grand  Forks, N.D. 

21 

UP 

-10 

63.0  60.5 

B 

-  15 

-  15 

15 

Noyes,  Minn. 

22 

5A 

6 

6i^.5  61.0 

B 

Winnipeg,  Man. 

22 

12N 

6 

60.5 

B 

-  22 

8 

Heater  removed 

Total 

Fuel— 

23 

20 

Car  total  U3  lbs. 


Notes  -  Large  Ford  briq.aets  used 
B  -  Burning 

Heaters  -  Head    #b6015       MO  1  piece 
Rear    #WFE  0U62     "  " 


I 


Table  I5 

HEATER  INSPECTION  DATA  | 

Test  Code  Mo.      D  Heater  Charcoal  

Car  No.  IC  50114  Fans  On       Drains  Plugged  Placement  1  each  end 


Inspected  at  Date    Time    OST      Air      Opera-      Fuel      Fuel  in  Fuel 

®F        Temp,  tion         added    heater        con-  Remarks 


BBCl  lbs.      lbs.  sumed 

lbs. 


Jan. 

H  R 

H 

R  H 

R  H 

R 

H 

R 

St.  Paul,  Minn. 

20 

57.0  58. 5 

Lit 

Lit  - 

-  30 

30 

Midgets,  fast  draft 

Fargo,  N.D. 

21 

9A 

-16 

70.0 

B 

B  - 

-  15 

15 

15 

Both  heaters  removed 

Grand  Forks, N.D. 

21 

!+P 

-10 

59.5  62.0 

Noyes,  Minn. 

22 

6 

57.5  Gk.o 

Winnipeg,  Man. 

22 

12N 

n 

6 

56.5  61.0 

B 

-  22 

Heater  installed 

Winnipeg,  Men. 

23 

uA 

10 

53.5  63.0 

B 

15 

7 

Unloading 

Total  Fuel"—-™-  22        I5  lbs. 


Car  Total  37  lbs. 


Notes  -  Large  Ford  briqaets  used  ! 
B  -  Burning 

Heaters  -  Head  WFE  577I    MO-1  piece 
Rear  \VFE  6^27     "  " 

M 


11 


Test  Code  Ho._E 
Car  No.  IC  501^ 


Table  l6 


HEATER  INSPECTION  DATA 


Thermostat  Setting  37  l/2**Heater  Alcohol  

ffans    None    Drains  Open     Placement  1  each  end 


Inspected  at 


Date    Time  OST 


Air  Opera-  Fuel  Fuel  in 
Tentp.      tion       added  heater 


Remarks 


Jan. 

BBCL 

gals.  gals. 

H  S 

H 

R   H       R    H  R 

St.  Paul,  Minn. 

ao 

5P 

13  53-5  57.0 

Lit 

Lit  -       -  k,0  4.0 

Thermostat  57  l/2® 

Fargo,  N.D. 

21 

9A 

-16  5U.0  57.0 

B 

B    -       -  - 

Grand  Forks,  N.D, 

21 

Iff 

-10  5I+.5  57.5 

B 

B  2.5    2.5  - 

Reset  to  60° 

Noyes,  Minn. 

22 

6  58.0 

B 

B    -        -  - 

Winnipeg,  Man. 

22 

12N 

6  55.0  58.0 

B 

B    -        -  - 

■  ■ 

23 

7:U5P 

10  59.0  60.0 

B 

B    -        -  0.85  0.5 

Heaters  extinguished 

Total  Fuel- 
Car  Total— 


5.65  6.0 

11.65  gals. 


Notes  -  B  -  Full  "burning 

Heaters  -  Head  -  #0028 
Rear  #0008 


t 


Table  17 


HEATER  INSPECT I OH  DATA 


Test  Code  So.      I  Thermostat  Setting    57  1/2°  Heater  Alcohol 


Car  Ho.  IC  50190  Fans    On      Drains  Open  Placement  1  each  end 


Inspected  at 

Date 
Jan. 

Time 

(J  01  Air 
°F  Temp, 

Burner 
Ope  ra~ 
tion 

J!  uex        ruex  in 
added  heater 
gal s .        gal s . 

Remark  s 

H  E 

H 

E 

H       E    H  E 

St.  Paul,  Minn. 

20 

5P 

13  56.5  55-5 

Lit 

Lit 

-  k,l  k.o 

Thermostat  57  1/2* 

Jargo,  N.D. 

a 

9A 

-16  57.0  56.5 

P 

P 

Grand  Forks, N.D. 

21 

-10  55.5  55.5 

B 

P 

1.0  2.0 

Beset  to  60° 

Novas,  Minn. 

22 

6  57.0  57.0 

P 

B 

Winnipeg,  Man. 

22 

12N 

6  57.5  57.5 

P 

PB 

n  n 

23 

10  57.5  56.5 

D 

B 

It  n 

23 

5P 

10    -  - 

D 

B 

2.h  0.3 

Extinguished 

Total  Fuel  2.7  5 

Car  Total   8 


gals. 


Notes  -  P-Pilot 

PB-Partial  full  "burning 

B-  Full  Burning 

D-Dark  -  not  burning 

Heaters  -  Head  -  #00^9 
Rear  -  #00 Mi 


11 


I 


I 


Test  Code  No.  

Car  No.  IC  5IOOO 


TalDle  18 
HEATER  INSPECTION  DATA 

Thermostat  Setting    57  1/2°  Heater  Alcohol  

Fans    On       Drains    Auto  Placement    1  each  end 


Inspected  at 

Date 
Jan. 

Time 

OST  Air  Burner 
Temp.  Opera- 
BBCL  tion 

Fuel 

added 

gals. 

Fuel  in 
heater 
gals. 

I 

Remarks 

H      R    ■     H  R 

H  R 

H 

R 

 1 

St.  Paul,  Minn. 

20 

5P 

13  56.0  55.5  Lit  Lit 

3.0 

k,l 

 1 

Thermostat  57  1/2° 

Fargo,  Ind. 

21 

9A 

-16  55.5  55.0    P  P 

Grand  Forks, N.D. 

21 

-10  5U.5  53.0  PB  PB 

2.0  1.5 

Reset  to  60° 

Noyes,  Minn. 

22 

5A 

6    55.5  55.0   P  P 

/Heaters  Extinguished 

Winnipeg,  Man. 

22 

12N 

6    55.5  55.0   B  P 

2.25 

2.I4O 

1  1  charcoal  heater 

Total  fuel 
Car  Total  - 


—  2.75    3.20  (Fast  burning* 


5.95 


Notes-  P-Pilot 

PB-Partial  full  burning 
B-Full  burning 

Heaters  -  Head  #0019 
Rear  ^0^3 


*No  record  of  burning  time  or  fuel  consumed 


TalDle  19 
HEATER  INSPECTION  DATA 


Test  Code  No.      H  Thermostat  Setting    37  1/2^      Heater  Alcohol  

(jaj.  No.    NEC    ISkbk  Fans    Off    Drains    Auto   Placement    1  ea.  end 


Inspected  at        Date     Time    OST    Air  Burner  Fuel  Fuel  in 

°P      Temp,  opera-  added  heater  Remarks 

BBCL  tion  gals.  gals.  

Jan.                      H       R  H    R  H     R    H  R  


St.  Paul,  Minn. 

20 

5P      13  50.0  53.0  Lit  Lit 

-      -  3.1 

3.0 

Fargo,  N.D. 

21 

9A  -16  51.5  53.0 

B 

B 

Drains  plugged 

Grand  Forks, N.D. 

21 

^•p  -10  53.5  5U.0 

B 

B 

2.5  2.5 

Reset  60® 

Noyes,  Minn. 

22 

5A    6  55.5 

B 

B 

Fans  put  on 

Winnipeg,  Man. 

22 

12N      6    56.5  55.5 

B 

P 

1.75  1.5 

3.3 

u  n 

23 

9:30A  12    59.5  60.0 

B 

PB 

H  n 

23 

1:30?  10      -  - 

B 

B 

1.0 

1.2 

Extinguished 

Total  Fuel  7.35  7.O 

Car  total  1^*35  gals. 


Notes  -  P-Pilot 

PB-Partial  full  "burning 
B-Full  burning 


ters-Head  -  #00 62 
Rear  -  #003!+ 


Tatile  20 
HEATER  INSPECTION  DATA 

Test  Code  No.      J  Heater  Luainator-Mitchel 

Car  H0»    IC  50^26  Fans     On     Drains  Plugged  Placement    Under  slung 

Inspected  at         Date  Time    OST       Air       Opera-  Fuel       Fuel  in 

*P         Temp.     tion.  added      heater  Remarks 

BBCL  ll)s.  lbs.  

Jan.  H  R  


St.  Paul,  Minn. 

20 

5P 

13  55.5  56.0 

Lit 

60 

Damper  #U  position 

Fargo,  N.D. 

21 

9A 

-16  57.5  5s. 0 

B 

n        n  II 

Grand  Forks, N.D. 

21 

-10  56.0  56.5 

B 

20 

20 

II         n  11 

Noyes,  Minn. 

22 

5A 

6   56.5  57.0 

B 

n        II  11 

Winnipeg,  Man. 

22 

12N 

6   56.0  56.0 

B 

20 

It         II  n 

It  n 

23 

7A 

10  53-5  55.5 

B 

It        It  II 

n  Jl 

23 

2P 

5      -  - 

B 

20 

Damper  closed 

at  unloading 


Total  fuei-  ~  80  lbs. 

Notes  -  Large  Ford  briquets  used 
B  -  Burning 


I 


^ 


Tal3le  21 


Composition  of  the  air  teiken  from  under  floor  racks  at  doorway  in  cars 

during  transit. 


A 

Non-Fan 

■R 

Non-Fan 

C 
Fan 
Open 

D 
Fan 
Pliagged 

E 

Non-Fan 
Open 

F 
Fan 
Open 

\I 

Fan 
Self 
Sealing 

"LT 

n 

Non-Fan 
•  Trap 

T 
0 

Fan 

"Pin  xrjTpH 

.Tn  pIt  ^CiTi      M  j.  S  S  • 

.2 

.5 

Per  cent  CarlDon  Dioxide 
.2           .k              .2  .1 

.2 

.3 

✓ 

.2 

Memphis,  Tenn. 

.2 

.7 

.1 

.3 

.2 

.1 

,h 

.5 

Chicago,  111. 

0 

.1 

0 

0 

.1 

0 

0 

0 

.1 

E.  Dubuque,  111. 

.1 

.3 

.2 

.2 

.3 

.1 

.2 

.2 

.2  ! 

Pnnl      M  T  n 

ul.    X  ctUUL  J     rL  XXX  . 

.1 

.1+ 

.1 

.1 

.1 

0 

.2 

.2 

X  cix      1    x«  •  . 

2.U 

1.8 

1.0 

.6 

I '51/ 

.7 

.2  , 

2i/ 

2  6^ 

1.3^ 

.9 

1.5i/ 

2  0^ 

1 

W  inr.  ip  eg ,  Man  • 

o 
•  c 

l.U 

1.1 

\.  2*^ 

1.5 

2 

Per  cent 

Oxygen 

Jackson,  Miss, 

19.9 

19.8 

20.1 

20.1 

20.2 

20.3 

20.2 

19.9 

20.0 

Meaphis,  Tenn. 

20.0 

19.6 

PO  0 

20.0 

20.1 

20.2 

20.0 

20.0 

19.9 

Chicago,  111. 

20.1 

20.0 

20.1 

20.1 

20.2 

20.2 

20.1 

20.0  ' 

S.  Dubuque,  111. 

20.1 

20.2 

20.2 

20.1 

20.0 

20.1 

20.1 

20.3 

20.1  i 

St.  Paul,  Minn. 

20.2 

19.9 

20.1 

20.0 

20.1 

20.2 

19.0 

19.9 

20 .0 

Fargo,  N.  D. 

17.7 

16.3 

17.8 

17.3 

19.0 

19.2 

T  C7     ll  3/ 
IS.M-^ 

18.8 

20 . 1 

Grand  Forks,  N.  D. 
Winnipeg,  Man. 

1  / 

19. &i/ 
20.0 

17. 0£/ 
18.6 

18.5^ 
IS. 7 

19. 7i/ 
19.6 

18. 3 
19.1 

18.5-2/ 

is.a2/ 

IS  .5—' 
IS. 5 

c3J  .0 
20.1 

?argo,  N.D. 

.1 

.3 

Per 
.3 

cent  Carbon  Monoxide 
.1              .0  .0 

.0 

.0 

.0 

Grand  Forks,  N.D. 

.0 

0 

%  L— 

.1 

.0 

.0 

.0 

.0 

.0 

.0 

Vinnipeg,  Man. 

.0 

.2 

.0 

.1 

.0 

.0 

.0 

.0 

.0 

1/  Both  charcoal  heaters  removed  at  Fargo.  1 
2/  One  charcoal  heater  removed  at  Fargo. 

^  These  samples  tai;:en  from  ice  ^rate  level  in  bunker.  , 

^  Drains  were  plugged  at  Fargo.  | 
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Air  Temperature  -  ®P. 

h->         ro        kj*         ^       vji  a> 
oooo  oooo 


Place 

1 

New  Orleans, 
La. 

* 

Jackson,  Miss. 
Memphis,  Tenn. 
Fulton,  Ky. 

I-" 
o» 

o 
cj 

^8 
CO 
h-l 

l-l 

1 

Bluford,  111. 
Chicago,  111. 
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M 

E.  Dubuque, 
111. 

St.  Paul,  Mim. 

ro 
o 
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H.D. 

ro 
I-" 
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ro 
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ro 
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St.  Paul,  Minn. 


Fargo,  N.D. 
Grand  Forks,  N.D. 


OQ 


Noyes,  Minn. 
Winnipeg,  Man. 


Winnipeg,  Man. 
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o 

1-3 


01 

o  ro 
o  o 


O  O 
o  o 


O  ^ 
o  o 


ro 


O  VD 

o  o 


fD 
P 
c+ 
fii 
>-i 

CD 

o 
o 


0) 
P 


T 

o  <J 

I— I  (D 
O  t:l 

(D  W 
Pi 


ro  o  ti3 

-    o  - 

d 

CO 

t— I  CD 

•x)  W 

I— '    ft)  Hi 

p;  p  o  _ 

CO  c+ 


o 

M 
O 
W 

ro 

P' 


^111 

CD 
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Loading 


Heaters  Li1 


Hear  Heater 
Removed 


iFront  Hester 
■  Removed 


Unloading 
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CD 


Fruit  Temperature  -  *F. 


o 


o 


o 
o 


ON 
O 


->1 

O 
o 


P 
O 
(D 


P 
(0 


New  Orleans,  La. 


Jackson,  Miss. 
Memphis,  Tenn. 
Fulton.  Ky. 


Bluford,  111. 
Chi  cago ( Markham) 
Hawthorne,  111. 


E.  Dubuque,  111. 
St.  Paul,  Minn. 


Fargo,  N.D. 
&rand  Forks ,  N.D. 


Soyes,  Minn. 


Winnipeg,  Man. 


i/innipeg,  Man. 


o 

CD 

p 

1-3 

<^ 

CD 

(D 

H 

3 

K 
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P 
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P 
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rv3 
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ro 

o 

p 

o 

►i 

*^ 

D 

P 

P 

t) 

cn 

M 

O 

t-t 

h3 

O 

O 

o 

P 

P 

M 

•-1 

^ 

o 

M 

CD 

CD 

M 

P- 

P 

ct- 

(D 

H 

(O 

he] 

cm 


Fruit  TemiDeratures  *  F. 


O 

to 


New  Orleans  ,  La. 


JacksoHj  Miss. 
Memphis,  Tenn. 
Fulton,  Ky. 


Bluford,  111. 
Ch  i  cago  ( Ma  rkham) 
Hawthorne  i,  111. 


E.  Dubuque,  111. 
St.  Paul,  Minn. 


Fargo,  N.D. 


Grand  Forks.  N.!" 


Noyes,  Minn. 


WinniTjeg,  Man, 


Winnipeg,  Man. 


(D 


ro 


Fruit  Tem-oerature  -  °F . 


p 
o 


New  Orleans.  La. 


Jackson,  Miss. 
Memphis,  Tenn. 
Fulton,  Ky. 


Bluford,  111, 
Chicago (Ma rkham) 
Hawthorne,  111. 


E.  Dutuque,  111. 
St.  ■^aul,  Minn. 


Fargo,  N.D. 
Grand  Forks,  N.D. 


Noyes,  Minn. 
Winnipeg,  Man. 


ti 

<D 


o 

•-3 


0  X 
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